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,(((
3DXO*LOEHUWVRQ5HXEHQ(GZDUGVDQG3DXO&RXOWRQ
$EVWUDFW ² /RFDWLRQ EDVHG VHUYLFHV /%6 ZHUH RQH RI WKH QHZ
HPHUJLQJWHFKQRORJLHVWKDWDSSHDUHGDQGIHOOZLWKWKH:$3QRQUHYROXWLRQ




1RGLWV LVDSLHFHRI VRIWZDUH WKDW UXQVRQ*36HQDEOHGPRELOHGHYLFHV
DQGSURYLGHVORFDWLRQEDVHGLQIRUPDWLRQDQGGDWD7KHVRIWZDUHLVLQWHQGHG
WRUXQRQQH[WJHQHUDWLRQPRELOHSKRQHVDQGFXUUHQW3'$V
7KLV SDSHU SUHVHQWV DQRYHUYLHZRI WKH1RGLWV VRIWZDUH V\VWHP LWVXVHV
DQGSRWHQWLDO PDUNHWV
,QGH[ 7HUPV ² 3RVLWLRQ $ZDUH ,QIRUPDWLRQ /RFDWLRQ %DVHG
6HUYLFHVPRELOHSKRQH3'$
, ,1752'8&7,21
/RFDWLRQ EDVHG VHUYLFHV /%6 >@ ZHUH LQLWLDOO\ WUDLOHG
GXULQJ WKH :$3K\SH HUD 'XULQJ WKLV SHULRG *60




RQ D XVHU¶VSK\VLFDO ORFDWLRQZDVVLPSOHDQG LQWXLWLYHEXW
RYHUK\SHG 7KH SXEOLF ZDV XQGHUVWDQGDEO\ FRQIXVHG E\
WKH IDFW WKDW LI WKH\ ZHUH VWDQGLQJ RXWVLGH WKHLU IDYRULWH
UHVWDXUDQWDQGDVNHG IRU WKHQHDUHVW UHVWDXUDQW WKHVHUYLFH
ZRXOGSRLQWWKHPWRRQHWKDWZDVRIWHQDIHZKXQGUHG\DUGV
DZD\ 7KH SUREOHP ZDV WKDW WKH VHUYLFH XVHG WKH PRELOH
QHWZRUN&HOO,' WRGHWHUPLQHWKHXVHU¶VORFDWLRQ
7KH PRELOH QHWZRUN RSHUDWRUV VDZ WKHP DV D ZD\ WR
PRQHWL]H WKHLU QHWZRUNV:LWK WKHJUDQXODULW\SURYLGHGE\




VHQGLQJ D UHTXHVW IRU LQIRUPDWLRQ RYHU WKH QHWZRUN 7KH
VHUYHUV WKHQ SURFHVVHG WKH UHTXHVW ZKLFK LQFOXGHG WKH
&HOO,'DQG UHWXUQHGD UHVSRQVH7HFKQRORJLFDOOLPLWDWLRQV
LQPRELOH SURFHVVLQJ DQG VWRUDJH FDSDFLWLHV SUHFOXGHG DQ\
RWKHU V\VWHP GHVLJQ 3HU VHDUFK FKDUJLQJ ZDV DOVR PRVW
HDVLO\LPSOHPHQWHGZLWKWKLVGHVLJQ
:LWKWKHLQWURGXFWLRQRIQHZHUPRELOHGHYLFHVLQFOXGLQJ
VRFDOOHG µVPDUWSKRQHV¶ WKHVH GHYLFHV DUH QRZ FDSDEOH RI
KRVWLQJWKHLURZQVHUYLFHVZLWKRXWUHO\LQJRQVHUYHUV%RWK





7KH RULJLQDO VHUYLFHV ZHUH QRW RQO\ LPSUHFLVH EXW DOVR
RQHZD\ 8VHUV FRXOGQ¶W FUHDWH WKHLU RZQ GDWD RU XSGDWH
H[LVWLQJ GDWD VHWV1R FRPPXQLW\ FRXOG EH FUHDWHG DURXQG
WKHGDWD
%RWK WKHVH LVVXHV KDYH EHHQ DOOHYLDWHG ZLWK WKH
LQWURGXFWLRQ RI QHZ WHFKQRORJ\ *36 GHYLFHV DQG QHZ
PHWKRGV RI GHWHUPLQLQJ SRVLWLRQ XVLQJ PXOWLSOH
WUDQVPLWWHUV KDYH UHGXFHG WKH SRVLWLRQ JUDQXODULW\ WR
ZLWKLQPHWUHV*GDWDQHWZRUNVDQGPHWURSROLWDQVFDOH
:L)L QHWZRUNV SURYLGH D SHUYDVLYH DOZD\V DYDLODEOH GDWD
OLQNWRXSORDGXVHUVXEPLWWHGGDWD
$QRYHUYLHZRIWKH1RGLWVVRIWZDUHV\VWHPLVSURYLGHGLQ
6HFWLRQ  6HFWLRQ  GLVFXVVHV ODWLWXGH DQG ORQJLWXGH GDWD
IRUPDW LVVXHV6HFWLRQ LQWURGXFHVSRVLWLRQDZDUHGDWDLWV
IHDWXUHVDQGVWRUDJHPHFKDQLVPV




7KH 1RGLWV VRIWZDUH GHVLJQ FRPHV LQ WKUHH SDUWV )LUVW
WKHUHLVWKHPRELOHKRVWHGVRIWZDUH7KLVVRIWZDUHXWLOLVHVD
*36 GHYLFH RU VLPLODU SRVLWLRQDZDUH KDUGZDUH WR
GHWHUPLQH LWV SRVLWLRQ 7KH VRIWZDUH WKHQ FRPSDUHV WKDW
SRVLWLRQDJDLQVWDGDWDEDVHRISRVLWLRQDZDUHGDWDLWHPV,I
WKH FXUUHQW SRVLWLRQ LV ZLWKLQ WKH WULJJHU UDGLXV RI D GDWD
LWHP WKHQ WKH GDWD LV SUHVHQWHG 7KLV GDWDEDVH LV KHOG RQ
WKH GHYLFH 3RVLWLRQ DZDUH GDWD LV GHVFULEHGPRUH IXOO\ LQ
6HFWLRQ
7KH VHFRQG SDUW RI WKH VRIWZDUH UHVLGHV HLWKHU RQ WKH
GHYLFH RU D KRVW 3& WR ZKLFK WKH GHYLFH UHJXODUO\
V\QFKURQLVHV :KHQ WKH GHYLFH DQGRU 3& DUH RQOLQH WKH
PRELOHKRVWHG GDWDEDVH LV V\QFKURQLVHG ZLWK DQ RIIVLWH
VHUYHU




7KH PRELOHKRVWHG VRIWZDUH LV UHIHUUHG WR DV WKH 1RGLWV
FOLHQW$SURWRW\SHRI WKHFOLHQWKDVEHHQGHYHORSHGLQ&
UXQQLQJ XQGHU WKH 1(7 &RPSDFW )UDPHZRUN  7KLV
DOORZVWKHVRIWZDUHWRUXQRQDQ\:LQGRZV0RELOH(GLWLRQ
SKRQHDQG3RFNHW3&EDVHG3'$%RWK%OXHWRRWKDQG
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)LJ'DWD)ORZEHWZHHQWKH1RGLWV6XEV\VWHPV
7KH GDWDIORZ EHWZHHQ WKH WKUHH VXEV\VWHPV LQYROYHG LV
VKRZQLQ)LJXUH
7KHFOLHQWXVHV WKH0RELOH(GLWLRQRI64/6HUYHU
7KLVZDV FKRVHQ IRU ERWK HDVH RI XVH DQG HIILFLHQF\7KLV
GDWDEDVHVWRUHVSRVLWLRQDZDUHGDWDIRURIIOLQHXVHZKLOVWRQ
WKHPRYH
7KH FOLHQW FRQVLVWV RI D IURQWHQG *36GHYLFH LQWHUIDFH
OLEUDU\DQGGDWDEDVHLQWHUIDFH6SHFLDODOJRULWKPVKDYHEHHQ
GHYHORSHG WR UHGXFH SURFHVVLQJ WLPH XVHG WR FKHFN GDWD




,,, 326,7,21 '$7$ 6725$*( )250$76
3RVLWLRQGDWDIRUODWLWXGHDQGORQJLWXGHFRPHVLQDYDULHW\
RI IRUPDWV 10($ >@ GHILQHV WKH *350& DQG
*3**$ VWDWHPHQWV WKDW SURYLGH FXUUHQW ORFDWLRQ
LQIRUPDWLRQ IURP D *36 GHYLFH 7KHVH VWDWHPHQWV XVH D
³PLQXWHIUDFWLRQ´IRUPDWWKDWFRQVLVWVRIWZRRUWKUHHGLJLWV
IRU GHJUHHV WZR GLJLWV IRU PLQXWHV RI DUF IROORZHG E\ D




7KH PRVW FRPPRQO\ VHHQ IRUPDW IRU WKH HQG XVHU LV
UHIHUUHGWRDV³VH[DJHVLPDO´IRUPDW3RVLWLRQLQIRUPDWLRQLV
UHQGHUHG LQWR VHSDUDWH GHJUHH DUF PLQXWH DQG DUF VHFRQG
VHFWLRQVGHQRWHGE\µDQG´UHVSHFWLYHO\$JDLQDVHSDUDWH
OHWWHUILHOGLVXVHGIRUKHPLVSKHUHLQIRUPDWLRQ
1HLWKHU RI WKHVH WZR IRUPDWV LV D VXLWDEOH EDVH IRU
FDOFXODWLRQV ,QVWHDG D WKLUG IRUPDW UHIHUUHG WR DV ³GHJUHH
IUDFWLRQ´ IRUPDW RU VLPSO\ GHFLPDO IRUPDW LV XWLOLVHG ,Q
WKLV IRUPDW WKH SRVLWLRQ LQIRUPDWLRQ LV VWRUHG LQ WKH
QXPEHU RI GHJUHHV LQFOXGLQJ IUDFWLRQV +HPLVSKHULF
LQIRUPDWLRQLVVWRUHGLQWKHVLJQRIWKLVYDOXH)RUODWLWXGHV
QHJDWLYH YDOXHVGHQRWHVRXWKHUQKHPLVSKHUHSRVLWLRQVDQG
IRU ORQJLWXGHV QHJDWLYHYDOXHVGHQRWHSRVLWLRQVZHVWRI WKH
SULPHPHULGLDQ7KLVVWRUDJHIRUPDWLVDOVRPHPRU\OLJKW
,9 326,7,21 $:$5( '$7$
3RVLWLRQDZDUHGDWDLVVLPSO\DGDWDLWHPWKDWFRQWDLQVD
VHW RI SRVLWLRQ FRRUGLQDWHV DQG RWKHU GDWD HOHPHQWV WKDW
GHWHUPLQHDJHRJUDSKLFDUHD)RU1RGLWVWKHVHFRRUGLQDWHV
DUH LQ WKH IRUP RI GHJUHH GHFLPDO IRUPDW ODWLWXGH DQG
ORQJLWXGH DQG D FLUFOH UDGLXV LQ PHWHUV DV LOOXVWUDWHG LQ
)LJXUH  7KLV LQIRUPDWLRQ FUHDWHV D FLUFXODU JHRJUDSKLF
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UDGLXV DURXQG D GDWD SRLQWZKLFK LV WKH GDWD LWHPV µDFWLYH
DUHD¶
7KH LQIRUPDWLRQ WR EH WUDQVPLWWHG WR XVHU WKDW LV
DVVRFLDWHG ZLWK WKH DFWLYH DUHD LV FXUUHQWO\ VWRUHG LQ WKH
IRUP RI D VLPSOH WH[W EORFN 7KLV LQIRUPDWLRQ LQ IXWXUH
FRXOGWDNHDQ\IRUP$VDQH[DPSOHWKLVFRXOGEH DQ+70/
SDJHRUDOLQNWRDORFDOO\ VWRUHGILOHWREHGLVSOD\HG




1RGLWV KDV PDQ\ SRWHQWLDO XVHV DQG WDUJHW PDUNHWV
7KHVH DUH VSUHDG RXW RYHU DZLGH UDQJH RI WUDGLWLRQDO DQG




WR SK\VLFDO ORFDWLRQV LV ERWK LQWXLWLYH DQG VLPSOH 7KLV
FUHDWHVDVLPSOHIRUPRIDXJPHQWHGUHDOLW\
$ &RPPXQLW\%DVHG3URMHFWV
/D\HUV FDQ EH XVHG IRU FRPPXQLW\ SXUSRVHV 0HVVDJHV
DWWDFKHG WR VSHFLILF W\SHV RI ORFDWLRQV FDQ EH FUHDWHG E\
XVHUV IRU WKH HQMR\PHQW RI RWKHU XVHUV $Q H[FHOOHQW





DQG GHDOV DVVRFLDWHG WR WKH ORFDWLRQ RI VWRUH HQWUDQFHV
7KHVH RIIHUV ZRXOG EH SUHVHQWHG WR WKH XVHUV ZKHQ WKH\





VXEVFULEH WR WKH OD\HU DQG RQ DUULYDO EH SUHVHQWHG ZLWK
LQIRUPDWLRQRQEXLOGLQJDQGWRXULVWVHUYLFHVWKH\SDVV





JDPH FDQ EH SUHVHQWHG $V DQ H[DPSOH FOXHV SRWHQWLDOO\
EDVHG RII HGXFDWLRQDO LQIRUPDWLRQ FRXOG OHDG WR D JRDO




7KH VWUXFWXUH IRU PRELOH KRVWHG ORFDWLRQ EDVHG VHUYLFHV
RXWOLQHG DERYH FRXOG HDVLO\ RSHQ XS D QHZ JHQHUDWLRQ RI
VHUYLFHV 7KHVH VHUYLFHV FDQ FRYHU D ZLGH UDQJH RI
LQGXVWULHV DQGXVHV)LQDOO\ WKH LGHDRISHUYDVLYHDFFHVV WR
FRQWH[WDQGSRVLWLRQDZDUHLQIRUPDWLRQFRXOGEHUHDOLVHG
+RZHYHUWKHUHDUHVWLOOPDMRULVVXHVZLWKWKHWHFKQRORJ\





FRQVXPHU *36 KDUGZDUH KDV D ORZ DFFXUDF\ LQ XUEDQ




>@ %5DR/0LQDNDNLV ³(YROXWLRQ RIPRELOH ORFDWLRQEDVHG VHUYLFHV´
&RPPXQLFDWLRQV RI WKH$&09ROXPH1XPEHU 3DJHV

>@ 5 % /DQJOH\ 10($  $ *36 5HFHLYHU ,QWHUIDFH 6WDQGDUG
*36ZRUOGYROVHF
>@ :< 2FKLHQJ 3$ &URVV ³3HUIRUPDQFH SRWHQWLDO RI D FRPELQHG
*DOLOHR*36 QDYLJDWLRQ V\VWHP´5R\DO ,QVWLWXWH RI1DYLJDWLRQ 5,1
-RXUQDO
3DXO*LOEHUWVRQ LV VWXG\LQJ IRUKLV3K'DW WKH'HSW
&RPPXQLFDWLRQV 6\VWHPV DW /DQFDVWHU 8QLYHUVLW\ +H
EHFDPH D VWXGHQWPHPEHU RI WKH ,((( LQ +H LV
FXUUHQWO\UHVHDUFKLQJPRELOHLQIRUPDWLRQSDUDGLJPVDQG
SHUYDVLYH GDWD DYDLODELOLW\ 3UHYLRXV WR FRPSOHWLQJ KLV
0DVWHUVGHJUHHLQ,7DQG'DWD&RPPXQLFDWLRQVZKLFK




JUDGXDWLQJ ZLWK D %DFKHORUV GHJUHH LQ (OHFWURQLF
(QJLQHHULQJ DQG D 3K' LQ &RPPXQLFDWLRQ 6\VWHPV
5HXEHQ LV FXUUHQWO\ WKH 8QLYHUVLW\ 'HDQ DW /DQFDVWHU
8QLYHUVLW\ D OHFWXUHU LQ &RPPXQLFDWLRQ 6\VWHPV DQG
&KDLU RI WKH /DQFDVWHU8QLYHUVLW\$OXPQL$VVRFLDWLRQ
,Q KLV VSDUH WLPH 5HXEHQ LV DQ ([HFXWLYH 'LUHFWRU RI
PRELOHVRIWZDUHFRPSDQ\PYHQWLRQV/WG
3DXO&RXOWRQLVD6HQLRU/HFWXUHULQWKH'HSDUWPHQWRI
&RPPXQLFDWLRQ 6\VWHPV DW /DQFDVWHU8QLYHUVLW\ 3DXO
KDVRYHU\HDUV
UHVHDUFKDQGGHYHORSPHQWH[SHULHQFH
LQ PRELOH V\VWHPV DQG DSSOLFDWLRQV DQG KDV SXEOLVKHG
H[WHQVLYHO\ 7KH PDLQ IRFXV RI KLV FXUUHQW UHVHDUFK
VXUURXQGV LQQRYDWLYH PFRPPHUFH VROXWLRQV ZLWK D
SDUWLFXODUHPSKDVLVRQPRELOHHQWHUWDLQPHQW
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